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si gnal processing and particularly to nethods and apparatus for

i dent i-fyi ng whet her a video si-gnal originated by means of ‘a film sour ce
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sources) to be deleted in digital transmission systems for improving
20 channel coding efficiency.
Unfortunately, no special information is included in
broadcast video signals to indicate which fields may have originated
on film and which fields may have originated in a video camera, so the
presence of film-based material must be inferred by examining
25 differences between the luminance information of fields. This,
however, can present a number of problems. For example, a strong
similarity between successive video fields could indicate that they
were generated from the same film frame; it could also be due to a lack
of movement in the program material. Likewise, a difference between
30 fields may indicate that the fields did not come from the same frame of -
information, but the difference could also be due to vertical spatial
detail or transmission noise.
A practical film detector must distinguish between the
foregoing situations by appropriately processing the field difference
35 information and then examining a sequence of field differences,



2 | bokiwng foF distinctive patterns that are characteristic of known film
sequences. In addition to distinguishing between notion/no-notion,

noi se, spatial detail, etc. this problemis further conplicated by the fact
that t'here are two patterns generally encountered in video material 5
derived fromfi I m sour ces. These include what is comonly known as - "2-2

‘pul k- down" and "3-2 pull down" % In the 2-2 pull down system
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20 scene motion (or its absence), vertical spatial detail, transmlssmn
noise or the like) are resolved to provide highly reliable identification
of film originated video material.

A method of film mode identification, in accordance with
the invention, comprises concurrently providing a first pixel from a

25 given field and second and third vertically aligned pixels of the same
horizontal position from a temporally adjacent field. The values of .
the pixels are compared to produce for each first pixel, a pixel
difference signal having a value of zero if the value of said first pixel is
intermediate the values of said second and third pixels, said difference

30 signal otherwise having a value equal to the absolute value of the
difference between the value of said first pixel and the value of one of
said second and third pixels having a value closest to that of first
pixel. Non-zero values of the pixel difference signals are accumulated
over a predetermined portion of one field period of said video signal




3 to |'orovi.de a field difference signal. The accunul ated val ues are then
anal yzed for a pattern indicative of a film source of said video signal.

Appar at us enbodying the invention includes a first circuit for
concurrently providing a first pixel froma given field and second 5 and
third vertically aligned pixels of the sane horizontal position froma
tenporal |y adjacent field. A conparison circuit conpares val ues of said
sel ected pixels to produce for each first pixel, a pixel di fference

signal having a value of zero if the vd ue of sald first pixel is -
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data r educt i signal.tAgpattegummalyzer responsive to the field difference signal,
analyzes the accumulated field difference signals for a pattern
- indicative of fields characteristic of a given film source pull-down
sequence of said video signal.
20 The invention is illustrated in the accompanying drawing,

wherein like elements are denoted by like reference designators, and in
which:

FIGURE 1 is a block diagram of a television receiver
including film mode identification apparatus embodying the
25 invention;
FIGURE2 isa vert1ca1 /temporal diagram useful in
explaining the invention;
FIGURE 3 is a detailed block diagram of a film data
accumulation apparatus suitable for use in the identification
30 apparatus of FIGURE 1;
FIGURE 4 is block diagram of film data reduction unit
suitable for use in the identification apparatus of FIGURE 1;
FIGURE 5 is a detailed block diagram of a typical
correlator suitable for use in the data reduction unit of FIGURE 4;



4 ' ' FIGURE 6 is a nenory map suitable for use in a ROM
portion of the correlation units of FIGURE 5; FI GURES 7-10

are spatio-tenporal pixel diagrans illustration operation of the data
accunulation apparatus of FIGURE 5 3; FI GURES 11, 12 and 13
are bl ock diagrans of suitable I npl ement ati ons of a pixel selector unit
of FFGURE 1; - . FIGURES 14 and 15 are spatio-tenporal pixe

di agr anms illustrating nodifications ¥f t he data accunul ati on appar at us
of 1 0 FIGURE 3 in accordance with further enbodi nents of the_ invention

FI GURES 16 and 17 are BFKeWRI fgisaanemaryt map syitablefon use imai ROM: i ons
of apparat us OlzértlfbﬂiBEtHe correlation units of FIGUREE5Yi deo fiel d
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redundant fi eillustratioat aperationsof the idatasacarineratiorsapparatisiof FIGURE
i denti fyi ngg redundant fields to be dropped or deleted from the data

stream It may al so be to identify video fields derived froma
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i s identifiedheddtsstreamdltf mayalso by used: to identéfy vides fivldstderited
field should 53 PEoiindit Him frame to facilitate essentially error free de-
interlacing of a video signal (i.e., progressive scan conversion of
20 interlaced video signals). It may also be used for identifying the five
fields common to a film frame for purposes of field rate doubling in the
flicker reduction processing of video signals. |
The television receiver of FIGURE 1 illustrates two of the
foregoing uses, namely, for facilitating de-interlacing or flicker
25 reduction in displayed images. The receiver comprises a video signal
and timing signal source 102 which provides an interlaced luminance
output signal Y and a group of timing signals (e.g., horizontal,
vertical, pixel, etc.) indicated generally by the letter T. The video signal
Y will be assumed to be originated by mixed film and camera sources
30 and to be interlaced. Since all field selection decisions are based on
processing of the luminance signal, and to simplify the drawing,
chrominance processing is not shown. One of skill will recognize that
when a particular luma field is identified and selected for display that
the corresponding chroma field should also be selected.




The outbut of source 102 is applied to a video display unit 106 via a

progressive scan/flicker reduction processor 104. This unit may be of
conventional design for providing picture inprovenments such as

dei nterfacing or flicker reduction (or both) utilizing field the 5 source
I dentifications information provided by the identification apparatus 100
whi ch enbodi es the invention. Fi | m node detection apparat us
100, enbodying the }nvent|on conpr ses three principal elenents, nanely
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20 pixels YA.

The spatio-temporal arrangement of pixels YA, YB and YC
is shown in FIGURE 2 where it is seen that each first pixel (e.g., YA)
from a given field (e.g., the current field N)is concurrently produced
with second and third pixels (e.g., YB and YC, respectively) having the

25 same horizontal position of the temporally adjacent field (e.g., the
adjacent field N-1) To restate the timing of this trilogy of pixels, one
field less a half line corresponds to a delay of 262 lines in 60 Hz (i.e.,
field per second) television standards (NTSC) or 312 lines in 50 Hz
systems (e.g., PAL or SECAM). One field plus a half line corresponds

30 to 263 lines in 60 Hz systems or 313 lines in 50 field per second systems.

FIGURES 11, 12 and 13 illustrate suitable implementations
of unit 108. In FIGURE 11 video signal Y is applied directly as an
output as YA, delayed by 262 lines in delay unit 1102 to form YB and by
an additional line in line delay unit 1104 to form YC. This

35 implementation is suitable for NTSC 60 field per second systems. For



6 50 field per second systens the delay is changed to 312 lines for unit
1202 as shown in FIGURE 12. Alternatively as shown in Fl GURE 13, t he

del ayed signals nmay be provided by storing the input signal Y in a RAM

. 1302 having plural output |atches 1304, 1306 and 1308 providing 5 YA, YB
and YC, respectively. Fil mdata conparison and accunul ation
uni t ~110 provides, as a first function, a conparison of the values of

t he sel ected pi xel s (YA, YB and YO on a pixel by pixel basis to produce

for each first pixel I X fferenge s VA val ye of
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accumulating non-zero values of the pixel difference signals over a

20 predetermined portion (e.g., the active lines) of one field of the video
signal to provide a field difference signal. The film data reduction unit
112 receives the field difference signal Sn provided by unit 110 and
analyzes the accumulated field difference signals field by field for a
pattern indicative of a film source which may be operating, for

25 example, in a 2-2 pull-down mode or in a 3-2 pull down mode. As a
result of this analysis two signals are produced for controlling the
processor 104. One of these signals is a flag identifying film mode and
the other is an identifier pointing out which field was from a film
source.

30 In brief summary, unit 110 functions as a "film mode
detector” which calculates pixel-by-pixel differences between the
present field and the preceding field, using luminance information -
from the present field and the adjacent lines of the previous field as
described above. The differences are processed to minimize the effects

35 of spatial information and accumulated over the active portion of the




7 active lines of the field. This produces, in the enbodi nent which
follows, an 8 bit field difference status signal Sn which is a neasure

of how much the present field differs fromthe previous field. The film
~data reéeduction unit 112 uses signal Sn values to provide a "field flag 5
out put signal which indicates (during the next field) which adjacent
field cane fromthe sane filmfranme, a "sign" signal which indicates
whet her (1) the naterlal orlglnated fr?ntfllntand (2) to identify the
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‘vertically abpgiven {o moredetailed examplessof the inventiors val ue is

accunul ated. At the end of each field, the 3 5 accunul ated sumis | atched

and the accumilator 1s creal 2ssion of Comparison and Accumulation Unit 110
20 To simplify description of Unit 110, a diagonal dashed line
has been drawn through FIGURE 3 separating the block diagram into

a film data comparison unit 300 and a film data accumulation unit
350.

The overall function of unit 110 is to accumulate data

25 representative of field differences, producing a single result Sn, an
eight bit number in this example, at the end of each field. This 8-bit
number, as will be explained, corresponds to the 8 highest bits of a 20
bit accumulation for each field. To reduce the effect of vertical spatial
information, the accumulated sum remains unchanged if the present

30 field luminance level lies between the luminance levels of the pixels
immediately above and below in the previous field. Otherwise, the
absolute difference between the luminance level of the present pixel
and the preceding field vertically adjacent pixel having the closest
luminance value is accumulated. At the end of each field, the

35 accumulated sum is latched and the accumulator is cleared.



8 ' The foregoing is acconplished as follows. In the
conparison unit 300, an adder 302 and a divide by two unit 304

cal cul ates the average of pixels YB and YC, fromthe adjacent |ines of

the previous field N1 (see FIG 2). The absolute value of the 5

di fference between this average and the present field | um nance pi xel
value YA is determ ned by a subtractor 306 and an absol ute val ue circuit
308 thus producing an4initial field difference val ue D1. Concurrently,
one-hal f of the absolute difference between the previous field adjacent
pi xel s, provided by subtractor 310, abgolute 1 O value circuit 312 and
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case wherein ;& psregggyg @1 yewalues, Jand the resultant signal D3 1s gate %y
AND gate 324 responsive to a blanking signal (from signal T of source
102) which is retimed by pixel rate latch 328. This gating confines the
20 pixel difference signal to the active portions of a video field producing
thus eliminating the effects of synchronizing signals and other signals
which may be present in the vertical blanking interval on the final
pixel difference signal PD produced by AND gate 324. A further
register 326 provides retiming of the signal PD in synchronization
2 5 with the pixel rate to compensate for gate delays as do registers 318,
320 and 328 as previously described.
FIGURES 7-10 give specific examples of the processed
pixel difference signals PD provided by the comparison unit 300 of
FIGURE 3. In FIGURE 7 a case is shown wherein the value of YA is
30 between the values of YB and YC of the previous field. Since unit 300
assigns a difference of zero to all cases where YA is intermediate YB
and YC, the pixel difference value PD equals zero (PD=0) and forms
no part of the ultimately processed signal.
FIGURE 8 shows a case wherein YA is above YB and YC.
35 Specifically YA is 2 IRE greater than YB and is 7 IRE above YC. Since




3 5 Specifically YAis 2 IRE greater than YB and is 7 | RE above YC. Since
9 the unit 300 selects a difference value equal ‘to the absol ute val ue of
t he di fference between the value of the first pixel YA and the val ue of
t he ‘one of the second and third pixels YB and YC closest to the val ue of
the first pixel YA the difference selected for PDis +2 IRE and the 7 5
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. As an example of the advantage of selecting differences
20 based on the closest of YB and YC to the value of YA, values are
selected in FIGURE 9 wherein in field N-1 there is a 80 IRE transition
between pixel YB (90 IRE) and pixel YC (10 IRE). Since, in accordance
_ with the invention, the pixel difference PD is always based on the
closest of YB and YC to YA, the resultant pixel difference for this large
25 change in field n-1 for a value of YA of 5 IRE, is equal to only 5 IRE for
the 80 IRE change in field n-1. Note that a much larger result would
occur if pixel YA were to be compared with YB or with some form of
average of YB and YC. Accordingly, the generation of pixel differences
PD in unit 300 avoids unduly weighting the results of the ultimate field
30 difference signal that is generated. As a further example of
generation of signal PD, in FIGURE 10 the values of YC and YB are
equal (10 IRE) and the value of YA is 7.5 IRE yielding a difference of
+2.5 IRE.
At this point it is instructive to note that a different
35 physical structure or circuit arrangement may be used for




At this point it is instructive to note that- a different 3 5 physical ,
structure or circuit arrangement may be used for

10 i npl ementing the conparison unit 300 to formthe pixel di f f erence
signal PD fromthe pixels YA YB and YC. Such an alternative structure
is illustrated conparison unit 300A in FIGURE 16. There the pi xel
difference signal PD is produced by aggying YA, YB and YCto a 5 nedian
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pi xel di f %y SNidep @]ﬁnce with asteatuge of upyulatey 350 of FIGURE
3, such complexity is av01ded bya combmahon of an accumulator and
a counter of less than 25 bits total with an overflow inhibit of counter.
In more detail, the output signal PD of comparison unit 300
is applied to an 8 bit accumulator comprising an 8-bit adder 352, and
25 AND gate 354 and an 8-bit register 356. Adder 352 adds the 8 bit signal
PD to the previous sum stored in the 8 bit latch 356 thereby adding PD
to the latch output for each pixel difference value measured in a field.
The AND gate 354 couples the sum of adder to the latch to facilitate
* clearing of the accumulator once each field in response to a vertical
30 pulse (from timing signal T) which is inverted by inverter 358. During
a field, a carry out pulse Co is produced by adder 352 in the
accumulator every time the accumulated pixel difference PD exceeds
8 bits (i.e., a count of 255).
The carry out pulses Co provided by the 8-bit accumulator
35 (352-356) are applied via an AND gate 360, a retiming register 362 and




The carry out pulses Co provided by the 8-bit accunulator 3 5 (352-356) are
applied via an AND gate 360, a retimng register 362 and

11 a further AND gate 364 to a 12 bit counter 370. Gate 360 provides
the furiction of inhibiting Co during the vertical pulse period. Register
362 retines the carry-out signal Co with the pixel clock (E). Gate 364

cl ocks the input of counter 370 in the absence of blanking pulses CB 5 and
an overflow inhibit si'gnal applied tojigits other two inputs. Wth regard
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Discussion of Data Reduction Unit 112
‘The data reduction unit 112 of FIGURE 4 uses the field
difference information Sn which arrives each field from accumulator
350 to identify the presence of a particular film sequence. One
25 potential problem is that noise and vertical spatial detail increase the
value of Sn, possibly masking the desired information. Fortunately, a
distinguishing characteristic of film material is a pattern of small and
large field differences which occurs as fields are successively
generated from the same or different film frames. By determining the
30 change in the Sn signal on each successive field, the changing pattern
due to film is enhanced while offsets tend to cancel. In unit 112 this
change in field difference is compared to expected film-generated
~patterns using correlation techniques.
When receiving 60 Hz material, possible 3-2 pull down
35 patterns are compared using a bank of five correlators 401-405, each



patterns using correlation techniques. When receiving 60 Hz

material, possible 3-2 pull down 3 5 patterns are conpared using a bank of
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havi ng*a reference sequence stored in an internal ROM Wth video

signal.s containing 50 Hz filmoriginated fields, 2-2 pull down patterns

ar e ‘conpar ed, requir’ing the use of only two of the correlators; in whi ch
case the remaining three correl ators phe not used. When one of 5 the
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20 (zero) or decreased (one); it forms a one-bit per field sequence which is
compared with candidate film sequences (2-2 pull down or 3-2 pull
down) in the correlators 401-405.
Since useful information is available only when there is
appreciable motion in the video signal, a determination is made
25 whether sufficient change occurred to make the polarity data
significant. In other words, the polarity data, taken alone, has been
found to be insufficient to un-ambiguously and reliably determine the
pull down patterns. It is for this reason that the field difference
magnitude data derived from the pixel difference data is preserved.
30 More specifically, the absolute magnitude of the field to
field difference signal D2FLD is produced in absolute value circuit 406
and compared in.comparator 408 with a binary threshold signal TH-1
provided by source 410. For purposes of optimizing system
performance, it is desirable that the source 410 be variable or
35 programmable although a fixed or "hard-wired" source may be used if



and conpared in conparator 408 with a binary threshold signal TH 1

provi ded by source 410. For purposes of optimzing system per f or mance,
it is desirable that the source 410 be variable or 3 5 progranmabl e

al though a fixed or "hard-w red" source may be used if

13 such flexibility in optimzing the overall systemis not required in
a ‘C.particular application. If the magnitude of the D2FLD exceeds the
"first" threshold TH 1 of source 410,13he correlators 401- 405 are
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P 20 film mode operation. To detect this, and similar situations, the field

difference signal Sn is compared in comparator 420 with another
threshold TH-2 provided by another programmable source 422. As
before, the source 422 may be of a fixed binary value but the
programmability feature allows "fine tuning" or optimization of the

25 overall system. The value of the threshold TH-2 is typically set to a
much larger value that the other threshold TH-1. That is TH-2 >>
TH-1. This threshold relationship overcomes the problem, noted
above, of scrolling test on a stationary background and other similar
motion conditions. The result of the comparison in comparator 420 is

30 then gated in AND gate 423 by the delayed vertical pulse VP provided
by registers 412 and 414 to generate threshold signal T2 which will
cause the appropriate correlation counters (in correlators 401-405) to
be reset. Signal T2 is distributed to each of the five correlators via a
bus 426.



by regi sters 412 and 414 to generate threshol d si gnal T2 which wll
cause the appropriate correlation counters (in correlators 401-405) to
be reset. Signal T2 is d| stributed to each of the five correlators via a

bus 426. 14 The ROM
addresses in each correlator are continuously advanced one position
every field by the addressing signal ADDR which is common to all of the
correlators. The correl ator ROM address signal ADDR is generated by a
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i ndi cat es 60pafedeiwromodesAdesrrditirely, automatic system operation may be
20 provided by selecting a field rate detector as control source 426 for
providing a control signal C to thereby automatically select modulo 2
counting for 50 Hz field rate signals to enable two of the five
correlators and to automatically select modulo 5 counting in counter
424 for enabling all five of the correlators when 60 Hz video signals
25 are present. To facilitate the variable modulo counter of the three bit
counter 424 the highest and lowest bits (2 and 0) are decoded in
decoder 428 in response to the control signal C. When C indicates 50
Hz field rate, decoder 428 resets counter 424 on a count of 2 via AND
gate 430 and OR gate 432 which couple the decoder output to the -
30 counter reset (R) input. When C indicates 60 operation, decoder 428
~ resets counter 424 on a count of 5 thus enabling correlation of five field
sequences characteristic of 3-2 pull down video fields. The purpose of
the AND gate 430 is to synchronize the decoder 428 output with the
delayed vertical pulse VP. OR gate 432 is used to provide an
35 alternative reset input to counter 424 of a signal denoted "correlator



resets counter 424 on a count of 5 thus enabling correlation of five field
sequences characteristic of 3-2 pull down video fields. The purpose of

the AND gate 430 is to synchronize the decoder 428 output with the

del ayed vertical pulse VP. OR gate 432 is used to provide an 3 5
alternative reset input to counter 424 of a signal denoted "correl ator
15" reset" which may be used, for exanple to initialize the overal
system Such a signal may be proviged manually or it may be generated
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correlators ¢s>mweteaeWhEhDﬂa FMSFbsfsomawM tthesFilin #ield 404 with a
reference si §h-BHtAHGh Signal FF indicates to the processor 104 which one of the
20 adjacent fields should be used, for example, for interpolation: a zero
indicates the field N containing YA pixels and a one indicates the
adjacent field.  As previously noted, a correlation reset control
signal is used for resetting the variable modulo counter 424. This same
signal is combined in OR gate 444 with the reset output of logic unit
25 440 for initializing the system (i.e., resetting counter 424 and clearing
correlators 401-405.
" FIGURE 5 provides a detailed logic dlagram of a typical
one of the correlators 401-405. The correlators compare the D2FLD
sign bit provided by subtractor 404 with a reference sign sequence RS
30 stored in the correlator's ROM 502. When the sequences match and
the TH-1 (first) threshold signal enables the correlator (e.g., via the
threshold 1 bus 413), a 6-bit counter 504 is incremented. If a miss-
match occurs, or other events indicate that the film sequence is not
present (e.g., if more than one correlator indicates a match) the
35 counter 504 is reset to zero. Otherwise, each sequence match




30 stored in the correlator's ROM 502. When the sequences match and t he
TH1 (first) threshold signal enables the correlator (e.g., via the
threshold 1 bus 413), a 6-bit counter 504 is increnented. If a m ss-
mat ch otcurs, or other events indicate that the fil m sequence is not

present (e.g., if nore than one correlator indi cates a match) the 3 5
counter 504 is reset to zero. O herwi se, each sequence match
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3 fields dr® shown it thaROM) data tahle 600 of FIGURE 6. One bibrepresentsr 504
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(RST) inputs. @;Frf?e r eset, gt riority aver
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conpar es t he sigh teitathe laslbltw&ﬁeflcﬂsw&&h differehe fiddrfFartiegh The of

subtractor 40 dr itt presents "reference magnitude” (RM). This bit is equal to
20 logic zero when the expected magnitude of D2FLD is zero, logic one
when expected to be non-zero. A zero expected magnitude actually
occurs only on the one field in the 3-2 pull down sequence when the
last 3 fields are from the same film frame.

The 6-bit counter 504 within each of the correlators has

25 synchronous enable (E) and reset (RST) inputs. The reset input has
priority over the enable input. Incrementing of the counter is
controlled by exclusive OR gate 510 which compares the reference sign
bit RS of ROM 502 with the D2FLD sign bit of subtractor 404. If the
first threshold TH-1 is active and the counter is not at full scale and

30 the exclusive OR gate indicates a match, an AND gate 512 is enabled
thereby incrementing counter 504.

When operating on 50 field per second video signals, if the
threshold TH-1 is active and the exclusive OR 510 detects a mismatch,
the counter 504 is reset by inverter 511 and AND gate 514 which is

35 coupled to the reset RST input via OR gate 516. The counter 504 is also



first threshold TH1 is active and the counter is not at full scale and 30
the exclusive OR gate indicates a match, an AND gate 512 is enabl ed

t hereby increnenting counter 504. When operating on 50 field
per second video signals, if the threshold TH-1 is active and the
exclusive OR 510 detects a m smatch, the counter 504 is reset by

inverter 511 and AND gate 514 which is 35 coupled to the reset RST i nput
via OR gate 516. The counter 504 is a
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ensur es t hat uﬁd!paté@ga themRt fié1dh Swhich hpacetefieRE eAnYd BstviSthe
reshold s gh%e filh fraimé FSF tRE & sequ%nces detected by this system, the field to
- 20 be used can be obtained by inverting the "reference sign, RS" signal
from the read only memory (ROM). If the "clear all" signal is high
(indicating that more than one correlator has simultaneously found a
match), the counter 504 is immediately reset via OR gate 506 on the
next clock. When generating 50 Hz reference sequences (first two rows

25 of ROM contents) the reference magnitude RM bit is set low for the
last three correlators. This ensures that they never increment, while
they are reset whenever threshold signal TH-1 or threshold signal
TH-2 is present; the value of reference sign RS is arbitrary in these
cases.

30 Various changes may be made to the embodiments of the
invention described thus far. For example, FIGURE 14 illustrates a
case where the pixel YA is taken from field N rather than N+1 and the
pixels YB and YC are taken from the field N+1 rather than field N.

" Discussion of Four-Pixel Processing




TH2 is present; the value of reference sign RSis arbitrary in these

cases. 3 0 Vari ous changes may be made to the enbodi nents of the
i nvention described thus far. For exanple, FIGURE 14 illustrates a case
where the pixel YA is taken fromfield N rather than N+1 and the pi xel s

YB and YC are taken fromthe field N+1 rather than field N
Di scussi on of Four-Pi xel Processing

18 As arstanothieralterriative,a furthee fieldetayrbe usediied in
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value is 25 taken is tAs a fugtheralternative tebthe exam f FIGUWRENLZ, the
between Pl aggine vafife Mﬁmﬁ?ﬁfbfﬁl%ﬂ&’at%ﬁ Egﬁfdﬁf-?g&é@?b&éﬁﬁg% bet ween
pLe

P2 d P3. T t t A F=Crii) th
rbsalute  SRFPEREBardBEsd HECHhtas OloWRErIRtOTBIRY (1v) b P23

20 D=MAX [ABS(P1-P23avg); P23dif] - MAX[(ABS(P4-P23avg):P23dif]
wherein P23avg= (P2+P3)/2 and P23dif=ABS(P2-P3)/2

The above equation for "D" states that D is the difference

between two maximum values (MAX). The first maximum value is

25 taken is the larger of (i) the absolute (ABS) difference between P1 and
the average of P2 and P3 and (ii) the difference between P2 and P3. The
other maximum value is taken as the larger of (iii) the absolute
difference between P4 and the average of P23 and (iv) the P23
difference. In terms of physical hardware, a suitable circuit may be

30 constructed, by inspection of the equation, by means of two maximum
value circuits, three absolute value circuits, some subtractors and
some dividers connected so as to implement the indicated functions

' When the comparison unit is constructed, either as shown

'in FIGURE 17 or-as described in the alternative embodiment described

35 above, D will have a value of zero if P1 and P4 are intermediate
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For film data reduchon, the magnitude of signal Sn' is first

compared to a threshold TH1 to determine if a significant change
occurred. If the threshold is not exceeded (possibly indicating a lack of
motion), Sn' is not used further. Otherwise, a positive polarity for Sn'
indicates that the difference between fields N-1 and N is significantly

25 greater than the difference between fields N and N+1, suggesting that
fields N and N+1 may have come from the same film frame while field
N-1 did not. Conversely, a negative polarity for Sn' suggests that
fields N-1 and N may be from the same film frame while field N+1 is
from a different frame. The resulting sequence of positive and

30 negative signs is analyzed by the five correlators (401-405) to
determine if a known type of film sequence is present.

.As in the "three-pixel" example previously discussed, with
material from 2-2 pull-down sources, there are two possible phases:
the transitions between film frame can occur at the beginning of even

35 video fields or odd video fields. To detect 2-2 pull-down sources, two



fields N1 and N may be fromthe sane filmframe while field N#¥1 is from

a different frane. The resulting sequence of positive and 3 0 negative

signs is analyzed by the five correlators (401-405) to determne if a
known type of film sequence is present. As in the
"three-pixel" exanple previously discussed, with material from 2-2
pul | -"down sources, there are two possibl e phases: the transitions

between filmframe can occur at the b?%m ng of even 3 5 video fields or
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20 , when exactly one of the correlators indicates that film is detected, the
source is assumed to be of the type and phasing corresponding to the
reference for that correlator. If a correlation count of L exists in more
than one correlator simultaneously, all correlation counts are
immediately reset to zero.

25 Since the system requires a number of fields containing
significant motion, every one of which must exhibit the expected
polarity, a high degree of immunity to falsely detecting film sources is

, achieved. However, the system may occasionally be slow in detecting
- the transition from film to video material. In particular, if the system

30 is processing film and the source changes to video material having a
very uniform motion, there can be significant differences between
every field, but the differences may be nearly the same. In this case D1
and D4 will be nearly equal, so that D averages near zero and the
magnitude of Sn' might not exceed the threshold TH-1.
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achi eved. However, the system may occasionally be slow in detecting t he
transition fromfilmto video nmaterial. In particular, if the system30 is
processing filmand the source changes to video material having a very
uni form notion, there can be significant differences between every
field, but the differences may be nearly the same. In this case D1 and
D4 will be nearly equal, so that D awerages near zero and the magni t ude
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correlator is reset; if either Sn+ or Sn- esceeds TH-2, the correlation
count of the 3-2 pull-down correlator is reset; if either Sn+ or Sn-

20 exceeds TH-2, the correlation count of the 3-2 pull-down correlator
receiving a reference of "0" is reset. This ensures that the cessation of
film material in the "four pixel" embodiment of the invention will be
quickly detected under all conditions where significant motion is
present. This correction is not necessary in the "three pixel" examples

25 of the invention which relies upon accumulation of a two field
difference rather than a three field difference. (i.e., in the example of
FIGURE 4, Sn is subtracted from the value of Sn a field earlier stored
in register 402 to produce the field difference signal D2FLD and its
sign bit). Accordingly, when implementing the "four pixel"

30 embodiment of the invention, one may eliminate the field delay
register 402 and the subtractor 404 and apply the signal Sn' (the
accumulated difference signal D) to absolute value circuit 406 and its
sign bit to bus 409. This simplification to the data reduction logic is
possible because signal Sn' already represents a field to field



FIGURE 4, Sn is subtracted fromthe value of Sn a field earlier stored
in register 402 to produce the field difference signal D2FLD and its
sign.bit). Accordingly, when inplenenting the "four pixel"” 3 0 enbodi nent

of the invention, one may elininate the field del ay regi ster 402 and the
subtractor 404 and apply the signal Sn' (the accunul ated difference
signal D) to absolute value circuit 406 and its sign bit to bus 4009.

This sinplification to the data reducﬁépn logic is possi bl e because

signal Sn [ epres eld ield
22 differ en(?i{ffé%é‘ @z%if%nﬁlaﬁfbs@df%? there jimngoaged in the data reduction
unit to prowt amtmnhmutrhoepdovid)e furethordfield sterig@and subtraction.

23 Cl ai ns: 1. A nethod of fil node detection of an
interl aced vi deo signal, conprising the steps of: 5

concurrently providing a first pixel (YA froma given field (N and
second (YB) and third (YC) vertically aligned pixels of t he sane

hori zontal position froma tenporally adjacent field (N 1);

conparing val ues of said selected pixels to produce for 10 each first

pi xel , a pixel difference signal (PD) having a val ue of zero if the
value of said first pixel is internediate the val ues of"- sai d second and
.third pixels, said difference signal otherw se having a val ue equal to
t he absol ute value of the difference bet ween the value of said first

pi xel and the value of one of said



1 5'second and third pi xel s having a val ue closest to that of first pi er

accunul ati ng non-zero val ues of said pixel difference gnal s over

predet ernined portion of one field period of said vi deo SI glml"uu“ul!‘ I“‘H“‘
provide a field difference signal (Sn); and

accunul ated field difference signals for 20 a pattern indi catlve 6 & film
sourceé of said video signal. 23 -+ 2. Anethod as recited in

Claim1 V\here%_d pattern in said anal yzing step further includes at

| east one of " pul | down pattern and a 3-2 pull down pattern to

provide a flag signal 25 (FM identifying each field satisfying said

pattern as being fromaj, Afr'nHHodfr@nﬁlm mode dete f3an 4n as
recited in daim1 wherein said oana@m ng step ll?lpt ﬁer nlncf&%#gd

produci ng a s &9 SERR3buCOMRFAENG 3the( B8PSt Pbm sai ¢ pattern identi fying
whi ch of thg g| ven and echauesitly provididg aefirsir pixela(EA)f from a fiven

sour ce.

2 A et hod anold, 0eand seepnd (YB) and third (YO), vegically aigbed pixels.of

di fference si Hifalsame dwrizansabpositipms tfepm lﬂclt@megrally nadjacents fieldr (Ng sai d
first, secondignd third pixels, and formng t he absol ute val ue of a

dlfference between said first. pi xe] and.the resylt, of said di a
filtering. compgring hﬁi"l‘?ﬁdogssall%cqetl%‘ffe nPixels rfPlPr‘Sm‘é'reer}ﬁrt he

step of 1 fecactaifirsh pikek aa pipelx diffelienter signal iPﬁl)ahaw(lFi@) aivalhedss:
formng a firsLeOyf RHE %lﬁ@a f :ﬁf’c{ ‘?ﬁ%{‘gﬁkéf"?s CiBtc?rﬂxe]dlgt Jéﬁ&es"%kue of a

difference between said second and
third pixels: said second and thxrd pm,ls said dlfference 31gnal otherw1se

having a value equal to the absolute value of the difference
between the value of said first pixel and the value of one of said
15 second and third pixels having a value closest to that of first pixel;
_ accumulating non-zero values of said pixel difference
signals over a predetermined portion of one field period of said
video signal to provide a field difference signal (Sn); and
analyzing said accumulated field difference signals for
20 a pattern indicative of a film source of said video signal. |

2. A method as recited in Claim 1 wherein said pattern
in said analyzing step further includes at least one of a 2-2. pull
down pattern and a 3-2 pull down pattern to provide a flag signal

25 (FM) identifying each field satisfying said pattern as being from a
film frame. |

3. A method as recited in Claim 1 wherein said
analyzing step further includes producing a second output signal
30 (FF) from said pattern identifying which of the given and adjacent

fields was originated from a film source.

35



form ng a second out put signal representative of one- harf of-the———m

absolute value of a difference of said second and thi rd : Frmmﬁ _
subtracting and limting the output signals of said first ma " Im
out put signals to form said pixel difference signal. * 6 L mb.s %

Apparatus for providing filmnode detection of an interlaced video _
signal (Y), apparatus conprising: 20 a pixel selection circuit
(108) responsive to sai‘d vi deo signal for concurrently providing a first

pi xel (YA) froma given field (N 24 second (YB) and third (YC)
vertically aligned pixal sAofethod "R sésTRdA9h | CRiiiAIL mrbhfrgefne%ﬁ@l
I L
for each firmediamefiltezingi seid firsti séeomhamdsitirdl p{xely, hadi fiormingal ue of
zero if the ygd uhsBiugavllue of! ésgﬂf?féﬁée'%tmhﬁrﬁﬁo't. e@t Fﬂiﬁem%hﬂefhé’f sai d

second and_thir pi xel's, . sai erence signa rw'se having a val ue
equal to tﬁer%s‘gta‘?fséplffén9%al9e Biering difference between the val ue of said
first pi xel and the value of one of said second and thir€d pixels having

I I t ot h f of] i xely: . . ..an accunulati on
2i rcu?/'f1 l(JESS) Ofsgf acguﬁﬁ%ﬂtﬁ%ﬁﬂ{%ﬁg l%lc)ﬁ?grgl H?{ESIDW@EEFH‘ gviélge%iqt?erence
signal s over ganpratips of nsaiddp®l pdifferencefsignal f (RDY ipehidsd: of said video
R S e
accumul at &8 Ppé?ldft?ii‘f*alé?eééé éfltfrﬁafffscq tw e §ad n&%dpgﬁli W.éj Al a film

source of saiaderdgdeofssgjdabecond and third pixels{. Apparatus as recited in

Gaim 6 wherein said At rj 0 2 A.d attern
and a 3-2 pull domf%% X ﬁi%gﬁﬁﬂﬁméﬁﬁnﬁlﬁ g‘%n%i a%&’lhzgeéﬁg*lﬁglﬁﬂg%{{)an
out put for halfr ofidengbsoluteyalugefi a( differcaentoff gaidy seeend fand ghird
satisfying saifels; and | .

15 subtracting and limiting the output signals of said first

and second output signals to form said pixel difference signal.

aad

6. Apparatus for providing film mode detection of an
interlaced video signal (Y), apparatus comprising:

20 a pixel selection circuit (108) responsive to said video
signal for concurrently providing a first pixel (YA) from a given
field (N) and second (YB) and third (YC) vertically aligned pixels of
the same horizontal position from a temporally adjacent field (N-
1);

25 a pixel comparison circuit (300) for comparing values
of said selected pixels to produce for each first pixel, a pixel
difference signal (PD) having a value of zero if the value of said
first pixel is intermediate the values of said second and third
pixels, said difference signal otherwise having a value equal to the

30 absolute value of the difference between the value of said first
pixel and the value of one of said second and third pixels having a
value closest to that of first pixel; _

an accumulation circuit (350) for accumulating non-
zero values of said pixel difference signals over a predetermined

35 portion of one field period of said video signal to provide a field
difference signal (Sn); and



pattern as being froma filmfrane. 10 8. Apparatus—as—
recited in Caimé6 wherein said anal yzer further include

out put for providing a second out put signal (FM identi f;‘“uﬂmm““(u““‘“‘
t he gi ven and adj acent fields was originated froma fil msourcer 1% S

9. Apparatus as recited in Claim®6 wherein generation of said pixel .
difference signal in said conparing step includes nmedian filtering said
first, second and third pixels, and %ém ng t he absol ute val ue of a

dlfference bet ween said first pixel the 20 result of said nedian
filtering. an analyger pgizauitt (k1% feed ing &ald m 6 wherein

generation chc%ﬁhﬂa&ld“ﬂeldl differnee §1lg<ilﬁl9d foPQd paverai dndicudhe of conpari son
circuit (300),.1includes first circuit means (302, 304, 306,

308) for for Iﬂgsoéﬁce "0 Lsf?lﬂltv‘g‘?(br'?é@atl representative of an absol ute
val ue of a di fference between said fi rst pi xel (YA) and an average of

said  segond (YB) angd @ Jitagal(l}fclsi %éﬁé& /in_Claim 6 where1n3§{ﬁ9nd circuit

means (for form ng an oyt Si

esentative of t he
absol ut e val RASIIN GOMPIISES PR a §7a| £éfﬂ%‘él RN, AR t% @

pi >O<|el s; | andtdown attern; andt h:lredem rsaid tam?m (iﬁdl(ﬁd322inf0utmllbfﬁla0tl ng
to  forms 1%5%:3gug18§f SRR 3ER SfashRirfiay ' Shof etk Saidhyind Wid means

pattern as being from a fxlm frame.
10
' 8. Apparatus as recited in Claim 6 wherein said
analyzer further includes a second output for providing a second
output signal (FM) identifying which of the given and adjacent
fields was originated from a film source.
15 .

9. Apparatus as recited in Claim 6 wherein generation
of said pixel difference signal in said comparing step includes -
median filtering said first, second and third pixels, and forming
the absolute value of a difference between said first pixel and the

20 result of said median filtering.

10. Apparatus as recited in Claim 6 wherein
generation of said pixel difference signal (PD) in said pixel
comparison circuit (300) includes

25 first circuit means (302, 304, 306, 308) for forming an
output signal (D1) representative of an absolute value of a
difference between said first pixel (YA) and an average of said
second (YB) and third (YC) pixels;

second circuit means (for forming an output signal

3 0 representative of one-half of the absolute value of a difference of
said second (YB) and third (YC) pixels; and

third circuit means (316,322) for subtracting and
limiting the output signals of said first and second circuit means to
form said pixel difference signal (PD).
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